Right ventricular fun lier. was studied by means of a thermmituttun catheter before, during and after percutanwus Iramtuminataneoptssey ofthe proximal right (group 1, n =Bi, left anterior descending (group 2. n = It) wr kit ricumflex (group 3 . n = 8) coronary artery. All patterns had evidence of myocardial Inch . emir, with single-vessel disease affecting the proximal segment at one of the Ihree major rtannary arteries ; no patient had bad a previous myocardial Infarction and all bad normal cardiac function at baseline study .
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Cardiac index decreased during balloon inflation . Mean pulmonary artery pressure: was aaaffecled in group 1 but increased in group 2 (from 19 ± 5 to 31 ± 11 mm Hg, p < 0,01) and in group 3 (from 19 t 2 to 22 *_ 5 mm Hg, p < 0 .056 Right vrntrcular ejection fraction decreased from 62 : 9t8 to 52 t 10% (p < 0.01) in group I and bolo 64 t 7% to 43 t 10% Ip < 0-p05) in
The effects on left ventricular function of transient myocardial ischemia induced by balloon inflation during percutaneous transluminal coronary angioplasty have been extensively studied, irrespective of the site of coronary occlusion fl-3). Rigid ventricular function . however-is also an important determinant of glohal cardiac function and the only data (4 .5) describing its evolution during acute reversible myocardial ischemia were obtained during transient occlusion of the proximal right coronary artery . The object of the present study was to assess the differential effects on right ventricalar ejection fraction of transient myocardial ischemia caused by balloon inflation during angioplasty of the proximal segments of each of the three major coronary arteries .
Methods
Study patients. Ibis s a prospective study of consecutive patients referred to our laboratory for angioplasty of an group 2, and returned to normal within 2 mm after balloon legation in both groups. In group 3, right ventricular ejection fraction was unchanged during balloon inflation (58 ± 5% at baseline, 58 t 9% at 60 a, p = 5S) .
Therefore, brief aclmlog of the proximal segments of the left anterior descending or rigid coronary artery results in marked alteration of right reutricdar performance that is probably caused by right ventricular free wall Ischemia In the right coronary group and by Me concomitant effects of sepal! ischenda and increased right ventricular aferksd in the lent anterior descending artery group. Rigid ventricular dysfunction might be an additional mechanism of altered cardiac function in patients with acute myorardW infarction caused by occlusion of the proximal left antsrior desreneding or right coronary artery .
U Am Col Cordial 1991 ;18:437-42) isolated severe stenosis of the proximal segment of one of the three major coronary arteries, causing signs or symptoms of mycardial ischemia . All patients had single-vessel coronary artery disease, defined as a .
•50% reduction of intraiuminal diameter in one vessel without any such stenosis in the other vessels . All patients had a right dominant coronary artery distribution . No collateral vessels to the narrowed artery were visible during the ipsilateral and contralateral contrast dye injections; all patients had normal flow distal to the stenosis (7hremholysis in Myocardial Infarction /TIM(] grade 3) (6) . The paiienu had no history or electrocardiographic (FCG) evidence of previous myocardial infarction. Rest left ventricular ejection fraction . measured with the area-length method from the frame obtained in the 30' right anterior oblique projection during left ventricular angiography, was normal (>5590) in all. In addition . all study patients were required to have normal (>50%) thermodilution tight ventricular ejection fraction to avoid possible interference with other causes of right ventricular dysfunction such as chronic respiratory disease. All patients had sinus rhythm and none had valvular disease, cardiomyopathy or other concomitant heart disease . All patients gave informed consent to participate in the study. DANCNIN CT AL . Fact" T VENTRICULAR FUNCTION LURING ANGIOPLASTY Patient groups . Fur the purpose of this study, three consecutive series of patients meeting the inclusion criteria were studied ; group f . eight consecutive patients with a proximal right coronary artery stenosis requiring The angioplasty balloon to be inflated either proximal to or over the first right ventricular branch ; group 2 . eight consecutive patients with a proximal left anterior dcsecnding coronary artery slcnosis requiring the angioplasty balloon to be inWed either proximal to or over the first septal perforator brunch . and group 3, eight consecutive patients with a stenosis of the proximal segment of a nondominanl left circumflex coronary artery such that the balloon had to be inflated either proximal to or over the first obtuse marginal branch .
Right ventricular ejection fraction measurements . Rightsided cardiac enthcicrization was performed through the left femoral vein . A modified triple-lumen Swan-Gang. catheter with intracardiac electrodes and a fast response Ihermistor was advanced until the tip was placed in the pulmonary artery and the right ventricular pressure was monitored through its proximal lumen. The catheter was then gently pulled back until the right atria) pressure was recorded through the proximal lumen, to achieve placement of the proximal injection port in the light atrium, immediately next to the tricuspid valve .
Right rentricelnr ejection fraction was measured with use of a previously described ttrermedilulion technique 17,8). Rapid manual injections of 10 ml of cold 17° to 14°CI saline solution were made through the proximal port at endexpiration . The data from the Ihermodilution curves were processed by a dedicated fast response computer (American Edwards Laboratory{ together with an ECG signal, allowing determination of heart rate, cardiac output . right ventricular ejection fraction and subsequent calculation of right ventricular end-systolic and end-diastolic volumes. The duration for a complete sequence or right ventricular ejection frnetion) vulumcs measurements was approximately 25 s, Reproducibility of Ihermvdfnlion measurements of right ventricular ejection fractirm and volumes . The variability of thermodilntien measurements of cardiac index and right ventricular ejection fraction and volumes was studied in the first 20 patients ; 10 patients underwent three and 10 underwent two consecutive measuremems at baseline study before coronary angioplasty . All patients were in stable hemodynamic condition during these measurements .
Cm-ortar) angiophaty procedure. Coronary angioplasly was performed using the femoral approach with SF large lumen guiding catheters and sieerabtc balloon catheters ranging in size from 90% to 105% of the size of the target vessel-The patients received a calcium channel antagonist (nifedipine or diltiazem) and 250 mg aspirin from the day before coronary angioplasty and a bolus injection of atropine, 0.5 mg, just before the procedure . In addition, heparin, 10,000 U. was injected in an intravenous bolus dose immediately after insertion of the arterial sheath . One to three balloon inflations tong s in duration were performed for each procedure .
Sludyprotocol . Right ventricular hemndynamie measuremelts were made after the guiding catheter was positioned at the ostium of the target coronary artery (baseline), at 30 and fills of the first halloon inflation and 2 and 10 min after the end of the last balloon inflation {recovery) . Pulmonary artery pressure was monitored through the distal port of the Swan . Ganz catheter at each of these times .
SWistkal analysis. Student's paired r tests of each measurement during balloon inflation or after balloon deflation versus baseline were used . A p value <0.05 (two-sided test) was considered significant . Correlations between the charges in pulmonary artery pressure and the changes in right vemricular ejection fraction during balloon inflation were made with use of a linear regression model .
To study the variability of thamodilution measurements, individual variances were computed from the results of each subject at baseline . These individual variances were aver. aged for the whole group, giving a mean variance ; the square root of the mean variance was divided by the average value of the measurements, yielding the variation coefficient for the variables studied (9) . Unless otherwise stated, all values are expressed as mean values . I SD.
Results
Clinical presentation . The stodygroup comprised 21 men and 3 women with a mean age of 54 .7 = 9.8 years (range 39 to 69). All patients had angina pectoris of Canadian Cardiovascular Society class 11(n = 81 . III (n = 5) or IV In = I1). There were no diferences among the three groups in gender. age or angina class: group t (right coronary artery angioplasty), 6 men and 2 women, mean age 57.1 ± 8 .5 years, mean angina class 3.4 ± 0.9; group 2 (left anterior descending coronary artery angioplasty). 7 man and I woman, mean age 54.1 . 9-9 years. moan angina class 3.1 ± 1 .0; and group 3 (left circumflex coronary artery angioplasty), 8 men, mean age 52,9 r H .5 years, mean angina class 2 .9 ± 0.8.
Vanatify of thermodilution determination of cardiac In. doe and right ventricular ejection traction sad volumes . The mean cardiac index measured in the first 20 patients for the variability study was 3 .92 ± 0.19 literslmin per m2 (coeflcienl of variation 590) . For right ventricular ejection fraction . the mean value was 59 . 4% (coeficient of variation 8%) . For right ventricular end-diastolic volume index, end. systolic volume index and stroke volume index, the mean values and coe fcieras of variation were, respectively, 82 .5 m 5.3 mtfm' and 6%, 34 .5 ± 5 .4 mUm' and 167v and 48 .0 -_ 2 .0 mllm2 and 4% .
Evolution of Global Hemodyetamic Data During and After Balloon Inflation (Table 1) Group 1 (right coronary artery angioplasty) . Heart rate remained unaffected both during and after balloon inflation Group 2 (left anterior descending artery angioplastyl. During angioplasty of the proximal left anterior descending coronary artery, heart rate was not significantly affected. Cardiac index decreased from 3 .5 ± 0 .5 to 3 .0 ± 0.4 liters/min per m2 at I min of balloon inflation (p < 0 .05); a significant overshoot of cardiac index was observed 2 min after balloon deflation (4 .4 z 0 .5 literslmin per m', p < 0 .01). Systolic, diastolic and mean pulmonary artery pressures increased significantly during balloon inflation (mean pulmonary artery pressure 19 .4 -4.7 mm Hg at baseline . 30 .8 ± 10 .9 mm Hg at 60 s of inflation, p < 0.01) and returned to normal values 10 min after balloon deflation .
Group 3 (left circumflex artery angioplasty). Heart rate remained unchanged during angioplasty of the proximal left circumflex artery. There was a slight (p = NS) decrease in cardiac index during balloon inflation . Mean pulmonary artery pressure slightly increased during balloon inflation (from 18 .7 ± 2.5 mm Hg at baseline to 22 .4 ± 5 .1 mm Hg at I min of inflation, p < 0 .05) and returned to normal within 2 min of balloon deflation . (Table 2) Group 1 . During balloon inflation, right ventricular ejection fraction decreased by 16% (from 62 . 9% at baseline to 51 ± 9% at 30 s and 52 ± 10% at 60 s, p < 0 .0! ) and returned to normal after balloon deflation . This decrease was mainly caused by a marked increase in right ventricular end-systolic volume, while end-diastolic volume slightly increased (p < 0 .05 at 30 s and p = NS at 60 s) : after balloon deflation, right ventricular end-diastolic and end . systolic volumes remained moderately higher than at baseline.
Group 2. After balloon inflation in the proximal left anterior descending artery, right ventricular ejection fraction dramatically decreased by 31% at I min (from 64 . 7% at baseline to 55 ± 6% at 30 s and 44 -_ l0% at 60 s, p < 0.005). Right ventricular end-diastolic volume increased slightly (p = NS( . but end-systolic volume increased markedly. After balloon deflation right ventricular volumes and ejection fraction returned to normal.
Group 3. In contrast, right ventricular ejection fraction during left circumflex coronary angioplasty remained unchanged (58 ± 5% at baseline, 55 ± 7% at 30 s and 58 ± 9% at 60 s). Right ventricular volumes were unchanged . 
Balloon Inflation
Relation between abrupt changes in right ventricular ejection traction and pulmonary artery pressure. To appreciate the effects of sudden changes in right ventricular of erload during coronary angioplasty on right ventricular ejection fraction, the relation between the change in ejection fraction and the change in mean pulmonary artery pressure from baseline to 60 s of inflation was studied without regard to the vessel dilated. An inverse correlation was observed : r = -0.54; y = -0 .34x + 2.0 (p < 0 .0l)In patients with angioplasty of the left anterior descending coronary artery . the correlation coefficient was r = -0.59 ; y = -0.42x + 3 .2 (p ° NS).
Discussion
Right ventrirldar ejection fraction measurement . Because of the peculiar shape of the right ventricle, right ventricular ejection fraction is difficult to measure . Radionuclide tee-hniques cannot be applied easily in a catheterization laboratory. Contrast right ventriculography gives reproducible results (10) but requires injection of contrast material, which may modify hemodynamic variables or cause premature ventricular complexes and does not permit numerous repealed measarecsnts . Thermodiiulieo measurement of right ventrirulor ejection fraction has none of these drawbacks. Measurements can be repeated within short periods of time (20 to 25 s), permitting an analysis of the evolution of right ventricular function both during and after brief occlusions of the coronary arteries . The results of right ventricular ejection fraction measurements by the thermodilution technique and by contrast angiogmphy are closely correlated (7) and the reproducibility of thermodilution measurements of right ventricular ejeetion fraction has been documented(9) lathe present study, the coefficient of variation of thermodilution measurements of right ventricular ejection fraction (5%) was far below the changes observed during balloon inflation in the groups with right coronary artery (-16%) and left anterior descending artery (-31%) angioplastyEvolution or right venMcular ejection fraction during coronary angivplaty. The object of the present study was to determine the differential evolution of right ventricular function during and after transient occlusions of the three coronary vessels. To minimize possible interferences, we studied only patients with single-vessel proximal coronary artery disease, normal left and right ventricular ejection fraction, absence of history of myocardial infarction, normal flow distal to the stenosis and absence of visible collateral flow to the narrowed artery .
During obstruction of the proximal right coronary artery, right ventricular ejection fraction decreases, essentially because of a marked increase in right ventricular cod-systolic volume, while right ventricular afterload remains on- changed . These results are in agreement with those of Mouser et at . (4), who found a decrease in right ventricular ejection fraction measured by contrast arigiography after 50 s balloon inflations but no effect on pulmonary artery pressures. Recovery after balloon deflation is rapid . The most likely explanation for this result is that acute ischemia of the right ventricular free wall and lower interventricular septum causes an immediate decline in right ventricular systolic function similar to that observed for the left ventricle after brief occlusion of the proximal left anterior descending artery (I) .
In contrast, during occlusion of the proximal left circumflex artery . right ventricular ejection fraction remains unaffected . despite a modest, though significant . increase in right ventricular afterloaJ caused by left ventricular dysfunction . These results are not surprising when one considers the small quantity of coronary blood flow provided by the left circumflex coronary artery to the left and, particularly, the right ventricular myocardium .
During occlusion of the proximal left anterior descending artery, right ventricular ejection fraction decreases dramatically . This decrease, however, is associated with a marked increase in pulmonary artery pressures and its significance is more difficult to appreciate . Indeed, the decrease in right ventricular ejection fraction might be the result of either ischemia of the interventricular septum (and of the small adjacent part of the anterior right ventricular free wall that is supplied by the left anterior descending coronary artery) or of the increase in right ventricular afterload .
Correlations between right ventricular ejection fraction and pulmonary artery pressure . Except for one study in patients with rheumatic mitral valve disease (It) . most studies (12) (13) (14) (15) that have analyzed the relation between right ventricular ejection fraction and pulmonary artery pressures have shown a strong inverse correlation . However, those studies were in patients with chronic pulmonary hypertension, far whom a decrease in right ventricular ejection fraction may be a long-term adaptive mechanism . One study (16) has shown that an abrupt decrease in pulmonary artery pressure induced by nitroprusside or nitroglycerin resulted in a decrease in right ventricular end-systolic volume . The response of right ventricular election fraction to a sudden increase in pulmonary hypertension is unknown . In the present series, there was a significant inverse correlation between the decrease in right ventricular ejection fraction and the increase in pulmonary artery pressure for the total study group . However, the sudden increase in right ventricular afterload caused by abrupt occlusion (within 60 s) of the proximal left anterior descending coronary artery was not significantly correlated with the decrease in right ventricular ejection fraction, and interference wl ;h right ventricular function caused by right ventricular ischemia appears likely .
Role of the interventricular septum in right ventricular systolic function. There is conflicting evidcnce regarding the influence of the interventricular septum on right ventricular function . Fixler et al. (17) showed that septal ischemia (18) observed a reduced distance between the septum and right ventricular free wall in end-systole after occlusion of the septa) artery in dogs; they concluded that the ischemic interventricular septum acted as a passive diaphragmatic pump and that paradoxic motion of the septum, bulging into the right ventricular cavity during systole, compensated for its normal function in the emptying of the right ventricle. However. there are marked differences between human and canine myocardial vascularizatiun . whereas the distribution of coronary blood supply to the right and left ventricles is similar in pigs and human, (19). Therefore, using a porcine model . Brooka et al . (19) investigated the respective consequences on right ventricular function of the occlusion of the three main coronary arteries . Their conclusions are remarkably similar to our present findings : right ventricular performance was significantly altered by ischemia of the arteroseptal (left anterior descending coronary artery occlusion) and inferoseptol (right coronary artery occlusion) areas, but not by anterolateral wall ischemia (left circumflex coronary artery occlusion), sup , porting the concept that intact septa] contraction is important in maintaining normal right ventricular dynamics .
Conclusions. The present study, using coronary angioplasty as an experimental model of transient myocardial ischemia in humans . shows that occlusion of either the proximal right or the left anterior descending coronary artery results in rapid alteration of right ventricular performance . Therefore at the acute stage of a large anterior or inferior myocardial infarction . right ventricular dysfunctic . , might be an additional mechanism responsible for altered global cardiac performance . In some instances, however, prolonged coronary occlusion might promote adaptive mechanisms such as the development of collateral channels, reducing the impact of acute coronary occlusion on right ventricular dysfunction .
